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Initial Architecture Studies

• NASA HQ will likely select many of the instruments through an open solicitation
• Finding an observing system that meets objectives within the cost cap is ultimately dependent on knowledge of available capabilities 
(instrument library above)

A multi-NASA Center study is underway to provide concepts and an assessment of potential observing system architectures for an Aerosols, 
Clouds, Convection, and Precipitation (ACCP) observing system. A preliminary set of minimum and enhanced science objectives, geophysical 
variables, and observables has been identified, and a set of architecture construction workshops have explored a wide range of potential 
observing system architectures and their roughly estimated costs. Future plans include:

• More detailed collaborative design center (CDC) studies starting in October focused on prioritized architectures with expected high science 
benefit and within an acceptable cost range. The ACCP study will do ~6 CDC studies over the next 12-16 months.

• Value framework scoring of architectures following each CDC, considering science & applications benefits along with cost, risk, and 
programmatic factors.

• Suborbital workshop in March 2020 time frame to identify and prioritize science objectives for focused airborne campaigns.
• Final report to NASA HQ in September 2021
• Notional launch date in 2028-29 time frame

Descriptions of key aspects of A and CCP are below. ACCP is motivated by the strong coupling of the two designated observables. 
Aerosols are a fundamental and enabling component to the formation of clouds and precipitation. Precipitation removes aerosols 
and deep convection and other storms loft and redistribute aerosols.

All architectures need to be assessed in terms of their 
science and applications benefits, costs, risks, and other 
programmatic factors. This analysis is done using a Value 
Framework. Key parameters for assigning a science benefit 
score include the utility of geophysical variables for 
achieving the science objectives and the quality of the 
geophysical variables that are derived from each 
architecture. An illustrative example of the concept is 
shown to the right. Notionally, the science benefit for a 
given science objective is the sum of the product of the 
utility and quality scores for all of the geophysical variables 
contributing to that objective. 

The value framework will allow for a fairly objective cost-
benefit assessment of the architectures considered within 
the observing system study.

1 2 3 4 5

ACCP Science Objectives

Determine the sensitivity of boundary layer cloud 
physical and radiative properties to large-scale 
and local environmental factors including 
thermodynamic anddynamic properties.

Relate the vertical structure, horizontal extent, ice water path, and radiative 
properties of convectively generatedhighclouds to convective vertical 
transport, and large-scale high clouds to environmental factors

Relate vertical motion within deep convectivestorms to their a) cloud and 
precipitation structures, b) microphysical properties, and c) local 
environmental thermodynamic and kinematic factors such as 
temperature, humidity, aerosols, and large-scale vertical motion

Detect and quantify vertical profiles of ice and 
liquidcondensate (including precipitation), andrelate these 
to cloudphysical properties (including mixed-phase 
precipitation andsnowfall), meteorological forcing and 
regime, orography, andsurface properties.

Quantify optical and microphysical aerosol properties in the PBL and 
free troposphere to improve process understanding, estimates of 
aerosol emissions, speciation, andpredictions of near-surface 
particulate concentrations

Characterize the processing, removal andvertical 
redistributionof aerosols by clouds and precipitation

Reduce uncertainties in estimates of clear and all-sky 
shortwave direct radiative effects (DRE) and the anthropogenic 
fraction, quantify the impacts of absorbing aerosol on 
atmospheric stability. Provide measurements to constrain 
process-level understanding of aerosol-warm 
cloud interactions to improve estimates of aerosol indirect 
radiative forcing.

CCP Observable Priorities

Coupled cloud-precipitation state and 
dynamics for monitoring the global 
hydrological cycle and understanding 
contributing processes including cloud 
feedback.

CCP Desired Observable 
Capabilities

Radar(s), with multi-frequency passive 
microwave and sub-mm radiometer.

Aerosol Observable 
Priorities

Aerosol properties, aerosol vertical profiles, 
and cloud properties to understand their 
effects on climate and air quality.

Aerosol Desired Observable 
Capabilities

Backscatter lidar and multichannel, multi-
angle/polarization imaging radiometer 
flown together on the same platform.

The Decadal Survey report was released in January of 2018 and called for a new program 
element for designated cost-capped medium- and large-size missions to address observables 
essential to the overall Earth Science program. The designated observables included Aerosols 
(A); Clouds, Convection, and Precipitation (CCP); Mass Change; Surface Biology and Geology; 
and Surface Deformation and Change. A and CCP priorities and desired observable capabilities 
are shown below, and provide the key guidance for a NASA study on a combined ACCP 
observing system. The study includes definition of the science goals and objectives, 
identification of potential applications, and an exploration of a wide spectrum of observing 
system architectures (orbital and sub-orbital) that NASA HQ can use to move forward with a 
potential mission Phase-A start in the 2022 time frame.

ACCP Study Plan and Progress
In June 2018, NASA HQ requested multi-NASA Center study plans for developing science goals & objectives and architecture 
concepts for Decadal Survey Designated Observables (DOs), with two DOs transitioning into potential missions in the 2021-2022 
time frame (launches in the mid-late 2020s).

ACCP Study Approach

A full architecture includes
• Instruments
• Spacecraft buses
• Ground systems
• Launch vehicles
• Mission operations
• Suborbital campaigns
• Science team (data analysis and 

algorithms)Science Teams:
Science and Applications Leadership Team (SALT, authors above)
Science Impact Team (SIT) co-chaired by G. Mace, J. Redemann
Applications Impact Team (AIT) co-chaired by D. Kirschbaum, A. Omar
Value Framework Team (VFT), led by M. Ivanco
Science Community Committee (SCC) co-chaired by S. van den Heever, G. Carmichael

Example 1: Dual-satellite, single-orbit 
architecture with:
• W, Ka-band non-scanning radar, Ku 

Doppler non-scanning radar
• Radiometer with 118, 183 GHz, and 

several sub-mm channels
• Dual-wavelength HSRL lidar
• Hyperspectral spectrometer
• 60-angle polarimeter 

Example 2: Dual-satellite, dual-orbit (Polar & 
GPM) architecture, both with:
• W, Ka-band non-scanning radar, Doppler at Ka
• Radiometer with 118, 183 GHz, and several sub-

mm channels
• Smallsat dual-wavelength backscatter lidar
• 60-angle polarimeter 

Four Architecture Construction Workshops (ACW) explored ~32 different 
architectures (two examples shown below):
• Polar-orbiting observing system architectures for single and two-satellite 

(non-smallsat) solutions
• Smallsat (<180 kg) solutions, including various constellations in both polar 

and mid-latitude (e.g., GPM) orbits
• Hybrid smallsat/largesat approaches
• Lower-inclination orbit constellation of cubesats for diurnal sampling

Rough cost estimates and perceived qualitative science benefits were 
determined for most ACW1-3 architectures (see right). Higher fidelity cost 
estimates and quantitative benefit scores are the subject of future work.
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Increasing Science Benefit

Potentially Implementable Range

Comments on the ACCP study can be sent to
a-ccp-comments@lists.nasa.gov

Quantitatively Evaluating Science Benefit

Relative costs and qualitative science benefit 
scores for ACW1-3 architectures

ACCP Study Webpage: https://science.nasa.gov/earth-science/decadal-accp

http://lists.nasa.gov

